INTRODUCTION
============

The field of hematologic malignancies has continuously advanced for past 50 years in Korea. However, much less attention was paid for its cancer statistical analysis. There has not been a report that analyzed the incidence rate, prevalence rate, and survival rate of the whole nationwide hematologic malignancies and this is also comparable to other developed countries \[[@B1], [@B2]\]. There are several reasons for the difficulty of analysis. The classification of hematologic malignancies is constantly changing, and cancer registry in each country has different definitions for the subtypes of hematologic malignancies, which jeopardizes the quality of patient data and all these reasons make it difficult to compare hematologic statistics according to time and region. Since 2005, USA and Europe integrated recent International Classification of Diseases-Oncology (ICD-O) and World Health Organization (WHO) classification and with agreements of experts, they classified statistics on hematologic malignancies that fit the objectives of epidemiology and public health care, and published the statistical reports \[[@B3]-[@B5]\].

In an effort to determine the characteristics of domestic hematologic malignancies and analyze past survival rates to establish the barometer for creating strategies for the advancement of domestic hematologic malignancies field, the Korea Central Cancer Registry and the Korean Society of Hematology jointly investigated the domestic prevalence rate and incidence rate of hematologic malignancies occurred between 1999 and 2008, and analyzed survival rate of patients who were diagnosed as hematologic malignancies between 1993 and 2008.

MATERIALS AND METHODS
=====================

Data of hematologic malignancies from 1993 to 2008 were obtained from the Korean National Cancer Incidence Data base (KNCIDB) \[[@B6]\]. Hematologic malignancies were classified according to the International Classification of Diseases for Oncology 3rd edition (ICD-O-3) and converted to the International Classification of Diseases 10th edition (ICD-10) ([Table 1](#T1){ref-type="table"}) \[[@B7], [@B8]\]. For myeloproliferative disorders (MPD) and myelodysplastic syndromes (MDS), official registration employing ICD-O-3 began in 2003 at Korea Central Cancer Registry (KCCR).

Crude incidence rates (CRs) and age-specific incidence rates of each hematologic malignancy were calculated. The CRs per 100,000, an incidence rate based on the frequency of cancer in the entire population, were calculated by dividing the total number of events (*N*) by the total number of person-year of observation (*P*) and multiplying the result by 100,000. The age-specific incidence rates per 100,000 within age group *i*, were calculated by dividing the number of incidence observed in the age group (*N~i~*) by the number of corresponding person-year of observation (*P~i~*) and multiplying the result by 100,000. Age-standardized incidence rates (ASRs), a weighted average of crude age-specific rates, were determined by using the mid-year population in Korea in 2000 as standard population. Changes in the annual ASRs were examined by calculating the annual percentage change (APC) over a time period as (exp(b)-1)×100, where b is the slope of the regression of log(ASR) on a calendar year as the following linear regression equation \[[@B9]\]:

*E*(log(*ASR*)\|*year*)=*a*+*b* *year*.

The survival analysis used cases of hematologic malignancies first diagnosed during 1993-2008 from KNCIDB, and the vital status of these patients were followed through December 31, 2010. The survival duration of each case was determined as the time difference between the date of initial diagnosis and the date of death, date of loss to follow up, or closing date for follow-up. Observed survival rates were calculated using a life table method, in which survival times are grouped into intervals \[[@B10]\]. Limited-duration prevalent cases are the number of cancer patients alive on a certain day who had been diagnosed with the disease within the past specified years. For example, 10-year prevalent cases in this report were the patients that were diagnosed between 1999 and 2008 and were alive on January 1, 2009. The limited-duration prevalence, such as 1, 5, and 10-year prevalence was calculated using SEER\*Stat software \[[@B11]\].

RESULTS
=======

1. Incidence
------------

A total national cancer incident cases in 2008 were 178,816 cases. Stomach cancer (15.7%) was most prevalent, followed by thyroid cancer (15.1%), colorectal cancer (12.7%), lung cancer (10.5%), liver cancer (8.8%), and breast cancer (7.1%). Hematologic malignancies occurred in 8,006 patients, which was 4.5% of all cancers next to breast cancer. It occurred in 4,486 men and 3,520 women, and this relates to 4.8% of all cancers occurred in men, and 4.1% of all cancers occurred in women ([Fig. 1](#F1){ref-type="fig"}). Among all hematologic malignancies, non-Hodgkin lymphoma (NHL) was most frequent, followed by myeloid leukemia, and multiple myeloma regardless of gender. Ages between 60 and 69 were most prevalent followed by ages 70 to 79, and ages 50 to 59 ([Fig. 2](#F2){ref-type="fig"}). Lymphoid leukemia was most prevalent in ages below 15 years in both genders while NHL was most prevalent in ages above 15 years ([Table 2](#T2){ref-type="table"}).

The trends in number of patients, CRs, and ASRs for each hematologic malignancy between 1999 and 2008 are described in [Table 3](#T3){ref-type="table"}. The overall ASRs of hematologic malignancies increased from 10.2 in 1999 to 13.7 in 2008. The APC was 3.9% between 1999 and 2008 which was higher than 3.3% in all cancers, and APCs were statistically significant in all hematologic malignancies. For age-specific incidence rates in 2008, lymphoid leukemia was the highest in age under 15 years regardless of gender. In both genders, age-specific incidence rates of all hematologic malignancies, except for lymphoid leukemia, increased as age increased; however, age-specific incidence rate decreased after age of 80 in women ([Fig. 3](#F3){ref-type="fig"}).

2. Survival rates
-----------------

The survival of all hematologic malignancies continually increased from 1993 to 2008 with 5-year survival rate of 38.2% between 1993 and 1995 to 55.2% between 2004 and 2008, an increase of 17% ([Fig. 4](#F4){ref-type="fig"}). The survival rates increased from 68.5% to 80.9% in Hodgkin lymphoma (HL), from 47.6% to 62.8% in NHL, from 22.9% to 33.2% in multiple myeloma, from 38.9% to 52.4% in lymphoid leukemia, and from 21.9% to 44% in myeloid leukemia. Survival rate of women were slightly higher or similar to men, but in MDS, men had 36.4% of survival rate while women had 50.3%, showing differences.

Survival rate decreased as age increased in most of the hematologic malignancies, and when the age of diagnosis was above 50 years old, the survival rate was even more decreased ([Table 4](#T4){ref-type="table"}). However, there is a marked difference of survival rate in lymphoid leukemia between groups of diagnostic age of 0-14 years and above 15 years. Five year survival rates according to hematologic malignancies, year, gender and age are described in [Table 4](#T4){ref-type="table"}.

3. Prevalence
-------------

As of January 2009, the total number of patients with 10 year-prevalence who were diagnosed as hematologic malignancies was 33,130, which comprised 4.6% of total 10 year-prevalence in all cancers. In terms of prevalent cases, the number of patients less than 1 year was 6,548, 1-2 years 5,024, 2-5 years 11,043, and 5-10 years 10,515 ([Fig. 5](#F5){ref-type="fig"}). Patients with more than 5 year-prevalence comprised 32%. NHL was most frequent with 16,142 patients, followed by myeloid leukemia and lymphoid leukemia with 6,068 and 3,066 patients, respectively.

DISCUSSION
==========

This is the first study to analyze hematologic malignancies, providing a statistical information on all hematologic malignancies in Korea. As with all other cancers, the incidence of hematologic malignancies has been increasing. In comparison with other countries, almost no differences can be seen with Japan and China in the incidences of hematologic malignancies, however, in comparison with western countries including United Kingdom, France, Germany, and Canada, our incidences of HL, NHL, and multiple myeloma were lower, showing distinct differences ([Table 5](#T5){ref-type="table"}) \[[@B12]\]. This could be regarded as the reflection of differences in race; however, we observed the recent increase of HL, NHL, and multiple myeloma in our country.

MDS and MPD have been officially registered in Korea cancer registry since 2003. USA also began their registration of MDS and MPD in central registry in 2001. According to the analysis of MDS registered in the Surveillance, Epidemiology, and End Results (SEER) and North American Association of Cancer Registry between 2001 and 2004, the incidence rate of MDS was reported to have increased during those times, but the active engagement of registration during those times could have played a role behind the increase \[[@B13]\]. The APC for domestic MDS, MPD were also high between 2003 and 2008, but longer observation of changes in incidence should be implemented.

Multiple factors were thought to have played role in the increase of hematologic malignancies in Korea. Age, infection, genetics, and other environmental factors were suggested as causes of hematologic malignancies, but the exact cause would be difficult to explain \[[@B14]-[@B17]\]. According to Europe\'s HAEMACARE project, the incidence of hematologic malignancies in Europe also increased as age increased \[[@B3]\]. The aging of Korean population structure could be one factor for the increase of hematologic malignancies; however, our study showed significant increase of age-adjusted APC in most of the hematologic malignancies, and it cannot be explained solely by aging. Incidences of all hematologic diseases were lower in women than men, similar with results of Europe\'s HAEMACARE project. For the explanation of this phenomenon, there had been many interpretation including environmental and occupational risk factor, smoking, alcohol consumption, susceptibility to cancer, and hormonal and genetic differences between men and women \[[@B18]-[@B20]\].

The survival rates have continuously improved in all hematologic malignancies in Korea. According to recent NORDICAN database published by Nordic countries-Denmark, Finland, Norway, and Sweden, the 5-year survival rates of HL, NHL, multiple myeloma, and leukemia in those 4 countries from 1999 to 2003 were similar to our survival rates, and also the 5-year survival rates of hematologic malignancy patients in Hong Kong from 1996 to 2001 were comparable to our levels \[[@B1], [@B21]\].

However, our survival rates in most of the hematologic malignancies do not reach the levels that of the USA \[[@B22]\], and this difference in survival rates could be due to the different prevalent disease type as well as other complex factors. There were big differences in survival rates in domestic hematologic malignancies before and after year 2000; however, in comparison of years between 2001-2005 and 2004-2008, the increase of survival rates were less distinct with only 3% and 0.5% increase of survival rates in NHL, and lymphoid leukemia, respectively.

Just like other malignancies, there is an increase of long term survivors in hematologic malignancies. As seen in this study, there were more than 30,000 patients with 10-year prevalence treated for hematologic malignancies, and this is comparable to long term survivors of cervical cancer, liver cancer, and lung cancer \[[@B23]\]. Due to the improvements in treatment, more long term survivors of hematologic malignancies will be observed. The increase of long term survivors after treatment for cancers including hematologic malignancies may lead to various physical, psychological, and social problems after the cure of malignancies \[[@B24]\]. While we should try on improving the survival rate of the patients, further study involving the overall quality of life of long term survivors of hematologic malignancies would be needed.

Statistics for hematologic malignancies increases the understanding of overall hematologic malignancies, and it could be used as the basic information to help investigate epidemiologic characteristics, evaluate progress during the past years, and establish future strategies for hematologic malignancies. For more detailed analysis and international comparison, the hematologic malignancies registration program in Korea should be set up, and continuous effort and feedback between the Korean Society of Hematology and Korea Central Cancer Registry would be needed.
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###### 

Classification of hematologic malignancies according to ICD-10.
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Abbreviations: MPD, myeloproliferative disorders; MDS, myelodysplastic syndromes.

###### 

Ranks of age-specific incidence rates of hematologic malignancies by gender and age group in Korea, 2008.
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Incidence rates per 100,000 are in parenthesis.

Abbreviations: LL, lymphoid leukemia; NHL, non-Hodgkin lymphoma; ML, myeloid leukemia; HL, Hodgkin lymphoma; MM, multiple myeloma; MPD, myeloproliferative disorders; MDS, myelodysplastic syndromes.

###### 

Number of hematologic malignancies and trend in crude incidence rates and age-standardized incidence rates in Korea from 1999 to 2008.
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^a)^Official registration employing ICD-O-3 began in 2003 at KCCR, ^b)^The annual percent change is statistically significantly different from zero (*P*\<0.05).

Abbreviations: CR, crude incidence rate; ASR, age-standardized incidence rate; APC, annual percentage change; MPD, myeloproliferative disorders; MDS, myelodysplastic syndromes.

###### 

Five-year relative survival rates of hematologic malignancies by gender and age group in Korea.
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^a)^Change in the 5-year relative survival between 1993-1995 and 2004-2008 as a percentage, ^b)^Official registration employing ICD-O-3 began in 2003 at KCCR.

Abbreviations: MPD, myeloproliferative disorders; MDS, myelodysplastic syndromes.

###### 

International comparison of age-standardized incidence rates of hematologic malignancies.

![](kjh-47-28-i005)

Age-standardized incidence rates using the WHO world standard population, for Korea, data are from Korea National Cancer Incidence Database (KNCI DB), for all other countries, data are from GLOBOCAN 2008.

^a)^Multiple myeloma in Korea includes C90.
